The separation of benign from malignant mesothelial proliferations has emerged as a major problem in the pathology of the serosal membranes. For both epithelial and spindle cell mesothelial processes, true stromal invasion is the most accurate indicator of malignancy, but stromal invasion is often difficult to assess, especially in small biopsies. In the pleural cavity, deep penetration of a thickened and fibrotic pleura or penetration of mesothelial cells into the fat of the chest wall are good indicators of malignancy; however, superficial entrapment of mesothelial cells and glands by organizing effusions is common in benign reactions and needs to be distinguished from invasion. In the peritoneal cavity, invasion of fat or of organ walls is again the most reliable indicator of malignancy, but entrapment of benign cells in organizing granulation tissue or between fat lobules is frequent and confusing. Proliferations confined to the pleural or peritoneal space, particularly linear arrays of atypical mesothelial cells on the free surface, should not be called malignant in the absence of unequivocal invasion. Cytologic atypia is often not helpful in separating benign from malignant reactions, because benign processes are commonly atypical and mesotheliomas are often deceptively monotonous. Densely packed mesothelial cells within the pleural space are frequent in benign reactions, but densely packed mesothelial cells within the stroma favor a diagnosis of malignancy. Organizing effusions (fibrous pleurisy) typically show zonation with high cellularity and cytologic atypia toward the pleural space and increasing fibrosis with decreasing cellularity and lesser atypia toward the chest wall, whereas sarcomatous (including desmoplastic) mesotheliomas do not demonstrate this type of zonation. Elongated capillaries perpendicular to the pleural surface are seen in organizing effusions but are not a feature of sarcomatous mesotheliomas. The combination of a paucicellular storiform pattern, plus invasion of the stroma (including fat and adjacent tissues), or bland necrosis, overtly sarcomatous foci, or distant metastases, is required for the diagnosis of desmoplastic mesothelioma. Necrosis is usually a sign of malignancy but is occasionally seen in benign mesothelial reactions. Keratin staining is useful in indicating the distribution of mesothelial cells, and particularly in demonstrating penetration of mesothelial cells into the stroma or adjacent structures, but is of no help in separating benign and malignant proliferations because both are keratin-positive. Although both p53 and EMA staining have been proposed as markers of mesothelial malignancy, in our experience they are not helpful for the individual case. Key Words: Malignant mesothelioma-Asbestos-Benign mesothelial reactions-Fibrous pleurisy-Desmoplastic mesothelioma.
Am J Surg Pathol 24 (9) : 1183-1200, 2000. Much effort during the last 30 years has been directed toward defining the typical patterns of unequivocally malignant mesothelial proliferations, as well as providing criteria for separating malignant mesothelioma from other tumors metastatic to the pleura or peritoneum. This distinction was greatly aided by the development of routine methods of immunohistochemistry that can be performed in most laboratories and by the extensive investigation of immunochemical reactivity patterns for mesotheliomas and non-mesothelial malignancies. With the aid of these techniques, it is now possible to determine whether a clearly malignant tumor is or is not a mesothelioma in the vast majority of cases. 1, 4, 8, 14, 16 The problem of separating benign from malignant mesothelial proliferations has received considerably less attention, and the literature on the topic is fairly scanty. In many respects this separation is even more crucial to patient care than determining whether a malignant tumor on a serosal surface is mesothelial in origin. Our experience in reviewing the cases accessioned by the US-Canadian Mesothelioma Reference Panel, as well as cases referred to us individually, is that deciding whether a mesothelial proliferation is benign or malignant can be extremely difficult. The Mesothelioma Panel tends to achieve near unanimity on the issue of malignant mesothelioma versus other malignant tumors, but at times questions of benign versus malignant still produce marked differences of opinion. Of the 217 cases circulated to all Panel members in the last 5 years, there was some degree of disagreement about whether the process was benign or malignant in 22%, and in rare instances the Panel was evenly divided on this question. This fraction is exaggerated because only the problem cases are reviewed by the entire Panel, but it indicates that separation of benign from malignant mesothelial proliferations is a significant issue. Nonetheless, follow-up data from these cases, as well as from cases unanimously called "benign" and some of the more problematic ones unanimously called "malignant" (generally desmoplastic mesotheliomas), has led us to a reasonable internal agreement on the rules for determining whether a mesothelial proliferation is benign or malignant. This paper provides a practical guide to the issue.
The comments made here concern tissue specimens only; we have purposely chosen not to cover the issue of the purely cytologic diagnosis of mesothelioma, because there is considerable disagreement about its accuracy, which in some reports is relatively low. 15 The reader should also appreciate that, while this paper discusses morphology in detail, clinical and radiographic information, particularly the appearance of the pleura or peritoneum at thoracotomy or thoracoscopy or laparotomy, is an extremely important adjunct to correct diagnosis. The presence of what are described by the surgeon or thoracoscopist as multiple tumor nodules or tumor caking on the pleura or peritoneum greatly increases the probability that the pathologic process in question is malignant, whereas the absence of tumor nodules or tumor-like pleural/peritoneal thickening should make one hesitant to diagnose a mesothelial malignancy. A similar caution applies when the surgeon describes the presence of an "inflammatory" adnexal mass in the pelvis, because complex adnexal inflammatory processes tend to trap benign mesothelial cells.
The following discussion assumes that the pathologist has determined that the process in question is mesothelial and not a metastatic malignancy. Both morphology and a well-defined set of immunochemical markers suffice for this purpose. These criteria are well established in the literature 1, 4, 8, 14, 16 and will not be repeated here. Pleural and peritoneal proliferations are discussed primarily because these make up the vast bulk of both tumors and reactions, but our comments apply to mesothelial proliferations in the pericardium, hernia and hydrocoele sacs, and tunica vaginalis as well.
Contrary to some claims in the literature, 7 one piece of clinical information that should not be used to make a histologic diagnosis is a history of asbestos exposure or the absence thereof. While it is true that there is a strong association between exposure to some types of asbestos and the subsequent development of mesothelioma, cohorts of workers with heavy asbestos exposure also have an increased incidence of lung cancer, a tumor that frequently spreads to the pleura, and an increased incidence of a variety of benign pleural processes, including plaques, diffuse fibrosis, effusion, and rounded atelectasis; benign pleural diseases are in fact more common than malignant ones in asbestos workers. 4, 6, 16 On the other hand, mesotheliomas occur in persons with no history of asbestos exposure. 18 Table 1 lists a set of criteria that provide general guidelines for separating benign from malignant mesothelial proliferations. It is convenient to divide mesothelial proliferations into those that are epithelial in appearance and those that are composed of spindled cells, recognizing that both types of cell can be present at once in benign and malignant processes.
Epithelial Proliferations

Tissue Invasion
The older literature in this area 9 tends to mention stromal invasion rather in passing, but in our experience and that of others, 7 true stromal invasion is by far the most reliable criterion of mesothelial malignancy. When bulky tumor is present in a greatly thickened pleura, tissue invasion is taken for granted, but when the amounts of (potential) tumor in the biopsy are small or the cells are bland-appearing, deciding that true invasion is present becomes critical. Figure 1 shows an approach to this problem; the figure is designed to mimic a section of thickened pleura, but applies (with some caution) to the peritoneal cavity as well. A good rule of thumb is that epithelial mesothelial proliferations that reach the fat or muscle of the chest wall, or the lung parenchyma, are almost invariably malignant (Figs. 2, 3, and 4). Extension through the whole width of a greatly thickened pleura also favors malignancy (Figs. 2 and 3). In most instances tumor will be seen to extend from the pleural surface to the fat, but occasionally ( Fig. 4 ) a biopsy may sample a tumor in such a way that mesothelial cells are found only deep to the pleural surface or only in the fat. This distribution is in itself a strong indicator of malignancy, because organizing effusions with a component of epithelial-type mesothelial cells, or spindle-type mesothelial cells, typically show the reverse zonation with greater cellularity toward the free pleural surface (see Spindle Cell Prolifs below). The same general rules apply in the peritoneal cavity, although section orientation in the peritoneal cavity may be confusing. Superficial entrapment of reactive mesothelial cells, either as individual cells or as small glands, on serosal surfaces in the peritoneal cavity is common when inflammation is present, and, like in the pleural cavity, it is not an indicator of malignancy. However, invasion of mesothelial cells into the wall of an organ ( Fig. 5 ) or true invasion of fat ( Fig.  6 ) should be viewed as a sign of malignancy. In either the pleural or peritoneal cavity, the presence of papillary proliferations of mesothelial cells deep within tissue is usually also a sign of malignancy even when small amounts of tumor are present.
It should be noted that these comments apply only to mesothelial cells. Inflammatory cells may be seen throughout benign or malignant mesothelial proliferations and "invasion" by inflammatory cells has no significance. Organizing effusions may also show markedly reactive endothelial cells near the organizing surface (see Spindle Cell Prolifs below). When questions about the type of cell arise, keratin stains are often helpful in showing that the cells in question are mesothelial and documenting their distribution (for example, Figure 6 and below).
Invasion versus Entrapment
A crucial issue in making the distinction between epithelial mesotheliomas and benign reactions is separating true stromal invasion from entrapment of mesothelial cells by an inflammatory process, a distinction that can be difficult.
Superficial entrapment of individual cells or simple glands in fibrous pleurisy, also called organizing pleurisy/pleuritis, is extremely common. When entrapment is confined to the area of active fibrin deposition and accompanying inflammatory cell reaction and there is no deep penetration ( Fig. 7) , the process is usually benign. The fact that this process occurs in an area of active inflammation is helpful in deciding that it is likely benign. More problematic is the presence of small numbers of individual mesothelial cells or glands formed by mesothelial cells confined to the superficial portion of a fibrotic and minimally inflamed or non-inflamed pleura. Simple, nonbranching glands are more often than not benign, but the formation of branching glands and/or papillae should raise the suspicion of malignancy, because such structures are characteristic of some forms of epithelial mesothelioma. However, in the absence of un- 
TABLE 1. Separation of reactive from malignant mesothelial proliferations
Benign mesothelial reactions
Malignant mesothelial neoplasms
No true invasion of stroma (but superficial entrapment may be present in areas of organization)
Invasion of stroma (the deeper, the more definitive)
May be densely cellular in the pleural space, but not in the stroma
Dense cellularity (non-inflammatory) in stroma favors malignancy Process becomes more fibrotic toward chest wall ("sidedness" or "zonation")
No "sidedness" (zonation) to process; often more cellular away from effusion Cytologic atypia confined to area of organizing effusion equivocal invasion, caution should be exercised unless actual tumor nodules ( Fig. 8 ) can be found.
These comments assume that one has a sizable and well-oriented biopsy or a larger specimen to deal with. The separation of invasion from en face cuts in small pleural biopsies can be extremely difficult: small nests of what is, at first glance, "tumor," separated by relatively large amounts of stroma, in small biopsies should be treated with extreme caution because they may well represent benign surface mesothelium ( Fig. 9 ). Again, invasion of fat or muscle is a helpful finding pointing to the diagnosis of mesothelioma. As well, when a small biopsy appears to be solid tumor from one end to the other, one is usually on safe ground in concluding that the lesion is malignant.
A peculiar phenomenon which is infrequent in the pleural cavity, but more common in the peritoneal and pericardial cavity, is the finding of linear arrays of individual cells and small glands in the relatively superficial portion of a thickened and inflamed serosal membrane. This process appears to represent rapid layering and subsequent organization of an effusion on top of a more or less intact mesothelial surface with entrapment of the original single layer of mesothelial cells which themselves react by forming glands or enlarged single cells ( Fig. 10 ). In the omentum or mesentery, an inflammatory process can also lead to adhesion of fat lobules with linear rows of atypical mesothelial cells trapped between the lobules (Fig. 11 ). Sometimes one can trace this process from an uninvolved area and then the nature of the inflammatory reaction becomes apparent. Keratin staining is also helpful in demonstrating the linear arrays of mesothelial cells (Fig. 11 ).
The uterine adnexae represent a particular area of difficulty, because inflammatory reactions are relatively common and sometimes intense, and entrapment of mesothelial cells is frequently seen on the surfaces of inflamed tubes, ovaries, broad ligament, and the uterus, and in adhesions between these organs. Again, one helpful finding is the presence of linear arrays of individual cells or lines of glands which represent the residue of layered effusions on a pre-existing mesothelial surface 11 ( Figs. 10 and 12 ). These glandular nests can be distorted and mimic small glands of carcinoma ( Figs. 10 and 12) , but carcinomas and mesotheliomas usually do not form linear arrays within tissue. Another helpful finding is the presence of fibrin associated with mesothelial glands, apparently in the middle of a tissue fragment (Figs. 10 and 12). In this circumstance the presence of fibrin almost always indicates entrapment. When the inflammatory activity resolves, the residually trapped mesothelial cells sometimes take the form of lines of individual cells. Unless a classic pattern of one of the recognized forms of epithelial mesothelioma is present, or bulk tumor is evident, great caution should be exercised in making a diagnosis of mesothelioma in and around inflamed adnexae or in the middle of any other highly inflamed focus.
Desmoplasia is sometimes mentioned in the literature as a sign of malignancy in mesothelial proliferation. 7 In our experience, defining desmoplasia is not always easy, and even when present, it is of equivocal value, because extensive desmoplasia can be found in perfectly benign processes such as organizing effusions, as well as in mesotheliomas (see Spindle Cell Prolifs). However, in some instances one can see focal areas of proliferating mesothelial cells that appear to be inducing their own stroma, sometimes (particularly with desmoplastic mesotheliomas) in a nodular pattern. This finding is suggestive of malignancy (see below).
Epithelial Proliferations Present Only on the Pleural or Peritoneal Surface
In some biopsies, a mesothelial proliferation is present only on the pleural or peritoneal surface. In the absence of invasion, one should not diagnose a purely pleural or peritoneal space proliferation as malignant. This statement in one sense needs immediate amending, because it is meant to apply only to biopsies; cytologic preparations of pleural or ascitic fluid are notionally surface preparations (although they are probably sampling cells shed from foci of invasive tumor as well as surface cells) and sometimes permit a reliable diagnosis of mesothelioma. However, the same is not true of purely surface proliferations in biopsies.
Pleural or peritoneal surface proliferations take several forms. The most common consists of single or heaped-up mesothelial cells with or without inflammatory cells and without papillary cores; often these lesions are graze cuts of the surface, but true heaped-up masses of mesothelial cells also occur ( Fig. 13 ). Gland-like formations or intracytoplasmic lumina may be present (Fig. 13 ). These surface cells can show marked cytologic atypia even when benign (Fig. 13 ), similar to that seen in fluid cytology specimens in the presence of marked inflammation. Such changes in benign conditions are not surprising, because the presence of an effusion in itself implies an irritant stimulus. Surface papillary cores covered by a single layer of flattened to cuboidal mesothelial cells are the distinguishing features of the entity known as welldifferentiated papillary mesothelioma (Fig. 14) . Welldifferentiated papillary mesotheliomas usually appear as small nodular lesions that are incidental findings in the peritoneal and, rarely, in the pleural cavity, although some are larger and multifocal. Most appear to be benign proliferations, but a minority may be low-grade malignancies with a protracted clinical course. 5 More complex but benign papillary cores with a simple single cell covering have been reported in hernia sacs. 17 . 12. (A-C) Another example of entrapped mesothelium in an inflammatory process around the uterine adnexae. Note the presence of fibrin in the large cystic space in B, indicating that these cells have been incorporated from an inflamed surface. High-power view (C) shows a glandular focus that would be worrisome without the overall evidence of an inflammatory process.
FIG
More controversial is the presence of a single layer of hyperchromatic discrete mesothelial cells with large nuclei, often forming a picket fence arrangement (Fig. 15 ). Whitaker et al. 20 suggested that such proliferations might represent "mesothelioma in situ." However, they only made such a diagnosis when invasive tumor was present, and in fact all of the cases in which they made a diagnosis of mesothelioma in situ and which showed progression of disease also had small but definite tumor nodules on the pleural surface.
Our own experience is that the presence of a single layer of atypical mesothelial cells in the pattern just described is an unreliable criterion for the diagnosis of a mesothelial malignancy, because similar appearances can be seen in both reactive ( Fig. 15 ) and malignant lesions. We recommend labeling such processes as "atypical mesothelial hyperplasia" and suggest that further biopsies be performed if the clinical situation suggests mesothelioma. This distinction from an outright diagnosis of malignancy is crucial to patient management, because the reliability of a diagnosis of "mesothelioma in situ" at this point is unproven. The development of criteria of malignancy in purely surface proliferations needs further examination.
Cytologic Features
Epithelial mesothelial proliferations show a number of characteristic cytologic patterns that are helpful in deter- mining that the process is mesothelial, but generally not helpful in separating benign from malignant conditions. Branching glands lined by flattened to cuboidal cells are typical of mesothelial proliferations (Figs. 2, 3, and 4); columnar cells are less common, and a gland within gland pattern usually indicates the presence of a carcinoma. Malignant mesothelial cells are often large and have large nucleoli, but this feature is difficult to discern without formal measurements and is not practical for routine diagnosis, except in cytology specimens in which a "built-in" size comparison with small, benign mesothelial cells is often possible.
Although cytologic atypia is frequently mentioned as useful in diagnosing mesothelioma, in our experience, cytologic atypia is an unreliable criterion for the potential malignancy of an epithelial mesothelial proliferation. There are several reasons for this conclusion: (1) the majority of epithelial mesotheliomas are rather monotonous and sometimes deceptively bland (Figs. 2, 3, and 4) , and thus the fact that they are actually composed of cells with large nuclei and prominent nucleoli is often overlooked. Nonetheless, some epithelial mesotheliomas do manifest considerable cytologic atypia and this can be a useful finding supporting a diagnosis of malignancy, but also one that raises the question of whether the process is really a metastatic carcinoma, because cytologic atypia is frequently more evident and more marked in carcinomas than in mesotheliomas. Conversely, the absence of prominent nucleoli is against a diagnosis of mesothelioma, but this rule must be interpreted liberally because nuclear features may be hard to discern in the flattened cells of some innocuous-appearing tumors (Figs. 2 and  3) . Mitoses (unless bizarre) are not helpful: they may be sparse in unequivocal mesotheliomas and are common in benign reactions. (2) A further complication is that reactive benign mesothelial cells tend to enlarge and develop more or less prominent nucleoli and sometimes intracytoplasmic lumens ( Figs. 13 and 15 ), thus raising cytologic questions of malignancy; (3) distinct and sometimes marked cytologic atypia is common in the mesothelial cells caught at the organizing edge of an effusion and in any cells and mesothelial glands caught up in the type of linear layering process described above (Figs. 12, 13, and 15) .
Overall, the best criterion is that deep penetration by a mesothelial process is a sign of malignancy, no matter how bland the tumor cells, and that the presence or absence of cytologic atypia is a less important finding.
Necrosis
In general, necrosis in epithelial mesothelial proliferations favors malignancy, 1,9 but we have occasionally observed necrosis in benign mesothelial proliferations, for example, after talc poudrage. Infections, particularly tuberculosis, certainly can produce necrosis of benign mesothelial cells.
Spindle Cell Proliferations
Sarcomatous Mesotheliomas
Ordinary sarcomatous mesotheliomas generally are not a diagnostic problem. Most such tumors resemble malignant fibrous histiocytoma or fibrosarcoma; heterologous elements (cartilage, osteoid) are rare but well described. In some instances, the nuclei are unequivocally malignant, but some examples are deceptively bland. The key to the diagnosis is the presence of densely packed spindled cells; high cellularity (provided the cells are mesothelial) in general favors a diagnosis of malignancy.
Desmoplastic Mesothelioma versus Fibrous Pleurisy
The separation of benign fibrous pleurisy from desmoplastic mesothelioma (DMM) is a common problem that can be extremely difficult. Table 2 lists a set of criteria that we have found to be useful for this purpose. 12 These specific criteria incorporate many of the broad guidelines listed in Table 1 . DMM and the morphologic equivalent of fibrous pleurisy also occur in the peritoneal cavity but are uncommon in this site.
Fibrous pleurisy and DMM are fundamentally paucicellular lesions in which the bulk of a thickened pleura is composed of dense fibrous tissue, although each may have more cellular areas. A diagnosis of DMM can be reliably made when a paucicellular fibrotic lesion shows a storiform arrangement or the "patternless pattern" of Stout, and also shows one or more of the following four criteria 19 (Fig. 16 ; note that the patternless pattern is also seen in benign solitary fibrous tumors):
1. Invasion: Like with epithelial mesotheliomas, demonstration of invasion of the spindle cells of DMM into adjacent structures is a reliable indicator of malignancy. This most commonly manifests itself as invasion of adipose tissue. Less frequently there is invasion of skeletal muscle of the chest wall or of underlying lung parenchyma. In some cases, direct invasion of bone (rib or vertebral body) may be observed.
Invasion of adipose tissue by DMM shows a characteristic pattern of insinuation of spindle cells between adipocytes of the chest wall (Fig. 17) . In DMM, the spindle cells invading fat are virtually always positive for cytokeratins when a broad-spectrum antibody against high and low molecular weight cytokeratins is used (Fig.  17) . In contrast, in most cases of fibrous pleurisy the collagen bundles do not extend into the fat (but see Fibrothorax below). In an occasional case, collagen fibers surround fat cells in fibrous pleurisy, but the collagen is either acellular or contains few spindle cells (Fig.  18 ). In exceptional cases, spindle cells within the fat are observed in fibrous pleurisy. In our experience, when this does occur, the spindle cells are generally keratinnegative.
Invasion of skeletal muscle of the chest wall is seen less commonly in DMM but is usually obvious when it occurs (Fig. 19) . Spindle cells are observed insinuating between the skeletal muscle fibers, much as they grow between fat cells. In such cases, invasion of adipose tissue is usually present as well. This finding can be more readily visualized by the use of immunostains for cytokeratins.
Invasion of lung parenchyma may occur by tracking of spindle cells along the secondary lobular septa or directly into subjacent alveoli. In the latter circumstance, the process has a superficial resemblance to organizing pneumonia, with polypoid projections of collagen containing atypical spindle cell nuclei in the alveolar spaces (Fig.  20) . The spindle cells are typically keratin-positive, and in subtle cases, keratin immunostaining may help to identify the presence of invasion of underlying lung. One must be careful not to confuse the puckering and indentation in the lung of the fibrotic thickened pleura of rounded atelectasis with invasion by DMM. 6 In our experience, invasion is identified in approximately two thirds of biopsies from patients with DMM and is the sole histologic indicator of malignancy (in FIG. 16 . An area of a desmoplastic mesothelioma (DMM) illustrating the "patternless pattern" of Stout. By itself this pattern is typical of, but not sufficient for, a diagnosis of DMM.
addition to the proper paucicellular pattern) in approximately 12% of cases. 12 2. Bland necrosis: DMM show a particular type of necrosis, which we have labeled "bland necrosis," and this finding is also a reliable indicator of malignancy in paucicellular fibrotic lesions of the pleura. Bland necrosis is characterized by well-circumscribed areas with subtle changes in staining so that the eosin appears lighter (Fig. 21 ) along with nuclear fragmentation and karyorrhexis or total absence of nuclei. However, the underlying tissue pattern appears intact and there is no inflammatory response. For this reason, bland necrosis may be easily overlooked until one realizes that a pale staining area has no nuclei or only nuclear fragments.
Bland necrosis may be a consequence of vascular invasion, and in some cases such invasion is observed in the sections. Bland necrosis should not be confused with the nuclear fragmentation and fibrin deposition seen in surface exudates that may be observed overlying either benign or malignant processes.
In our experience, bland necrosis is observed in approximately one third of biopsy specimens with DMM, usually when other diagnostic criteria are also present. It is not observed in cases of fibrous pleurisy. 12 3. Frankly sarcomatous foci: Frankly sarcomatous areas are foci of increased cellularity and nuclear atypia of the spindle cells sufficient to suggest a sarcomatous lesion. In some cases, searching of a number of sections is required before frankly sarcomatous areas are identified. The finding of such areas in a paucicellular thickened and fibrotic pleura is a reliable marker for the diagnosis of DMM.
Care must be used in applying this criterion, which is somewhat subjective, because crowding of spindle cells and marked nuclear atypia may be observed in fibrous pleurisy, especially on the effusion side just beneath a fibrinous exudate (Fig. 22 ). In this circumstance, cellular spindle cell areas are part of the granulation tissue associated with organization of an exudative pleural effusion and are not present away from the effusion; fibrous pleurisy typically shows the type of zonation mentioned previously, so that the areas near the effusion are more cellular and cellularity decreases the further one gets away from the surface (Fig. 22) . In contrast, the sarcomatous foci in DMM occur near the chest wall fat or randomly throughout the thickness of the section, a distribution similar to that previously described for epithelial mesotheliomas. These abrupt transitions from a paucicellular fibrotic process to a more cellular spindle cell proliferation, sometimes associated with vaguely defined nodular areas of stromal expansion, are highly suggestive of DMM.
Cytologic features of malignancy, such as nuclear pleomorphism and hyperchromasia, may also be of assistance in recognizing DMM, but are often hard to discern in highly elongated cells trapped in dense fibrous tissue. As noted above, one must be careful in this regard not to confuse the highly cellular and atypical features of proliferating spindle cells beneath the fibrinous exudate of fibrous pleurisy with DMM ( Fig. 22 ). Mitotic figures are usually not plentiful in either DMM or fibrous pleurisy.
We found frankly sarcomatous areas in nearly 80% of cases of DMM. This finding is also the most common sole criterion (in addition to the correct paucicellular pattern), which occurred in just over 20% of cases. 12 4. Distant metastases: The presence of distant metastases is an obvious indicator of malignancy. The reason it was included in our list of criteria is that cases of DMM have been described that initially presented with osseous metastases. 11 The identification of dense collagen with scattered hyperchromatic spindle cell nuclei in a bone biopsy specimen should lead to a consideration of metastatic DMM in the differential diagnosis. Correlation with chest x-ray findings can then be initiated. A peculiar finding in metastases from DMM is hyalinization of the central portion of the metastatic deposit with more cellular areas noted at the periphery. 
FIG. 18.
Benign fibrous tissue can invade fat and muscle occasionally in fibrous pleurisy and commonly as part of fibrothorax (seen here). Note the absence of insinuating spindled cells of the sort seen in DMM (the process here is virtually acellular). Keratin stain in this case was negative, a finding that is strongly against a diagnosis of desmoplastic mesothelioma.
FIG. 20.
Invasion of lung parenchyma in DMM producing a pattern that superficially resembles organizing pneumonia. Reproduced from reference 12 with permission.
Other Features That Are Helpful in Separating Fibrous Pleurisy From DMM
The presence of vaguely demarcated nodular proliferations in the biopsy specimen should prompt a consideration of malignancy, because the fibrosis of fibrous pleurisy is typically of relatively uniform appearance and thickness (Fig. 22) . Nodular areas may be seen in parietal pleural plaques, but these are easily distinguished from DMM by the finding of acellular, hyalinized collagen bundles arranged in a "basket-weave" pattern. 6 A feature that suggests a benign process is the finding of numerous elongated capillaries almost completely traversing the thickened pleura in a direction perpendicular to the pleural surface 16 (Fig. 23) . These capillaries are a component of granulation tissue formed from organization of the fibrinous exudate. To date, we have not observed this finding in cases of DMM.
Because of the subtleties involved in distinguishing DMM from fibrous pleurisy and the marked differences in treatment and prognosis between these two entities, core needle biopsies are generally not adequate, and a more generous sampling as obtained from an open pleural or thoracoscopic biopsy is usually required. One of the peculiarities of DMM is that diagnostic foci can be widely spaced. For this reason, as much tissue as pos- sible should be sampled for histology. When contemplating the features of a relatively small biopsy specimen, the radiographic findings may be of assistance. The radiographic observation of irregular pleural thickening, nodular masses, invasion of soft tissues of the chest wall, or rib or vertebral body destruction all suggest the presence of a malignancy.
Fibrothorax
Fibrothorax may be regarded as a form of extremely severe fibrous pleurisy. Typically the fibrosis of fibrothorax is dense, often thick, and sometimes calcified, but the cellularity usually is extremely low unless there is a residual organizing effusion on the surface. As noted above, most examples of fibrous pleurisy do not show extension of the process into fat or muscle, but involvement of fat and muscle by fibrous tissue is common in fibrothorax. This fibrous tissue is again of low cellularity and typically is keratin-negative ( Fig. 18 ).
Immunohistochemical Staining
There is no immunohistochemical stain that, per se, allows separation of benign from malignant mesothelial proliferations. It appears from comments made repeatedly in consultation letters sent to us that there is a wide- spread belief that keratin positivity is a marker of mesothelial malignancy, but this is unfortunately not true. What is true is that, with rare exceptions, any active benign 2 (Fig. 24 ) or malignant mesothelial proliferation is keratin-positive if stained with a broad-spectrum antikeratin; keratin positivity is seen in both epithelial-and spindle-type mesothelial cells. However, keratin staining is still useful because it allows easy assessment of the distribution of proliferating mesothelial cells, and distribution (invasion) is an important indicator of benignancy or malignancy, as has been discussed and illustrated above. Keratin staining can also be useful when it is definitely negative. It is extremely unlikely that a keratin-negative spindle cell proliferation is a desmoplastic mesothelioma. Keratin negativity is not uncommon in old fibrous pleurisy when the active inflammatory process has subsided.
It has also been suggested that EMA positivity is a sign of malignancy in epithelial mesothelial proliferations. 21 While it is true that many epithelial mesotheliomas show strong membrane staining for EMA, in our experience, weak membrane staining can be seen in reactive epithelial mesothelial proliferations, and strong staining may sometimes be found (Fig. 25) . Conversely, not all malignant mesotheliomas are EMA-positive.
The literature 3, 13 also suggests that p53 staining is a sign of malignancy in mesothelial processes. It appears that p53 staining is more common in malignant proliferations, but it is by no means always positive in malignancies, and subsequent experience has shown that it unfortunately may also be found in benign reactions. 12 EMA and p53 immunostaining appear to produce differences that are statistically valid in large groups of cases but may be misleading in the individual case. Given the crucial nature of a benign versus malignant diagnosis, we do not recommend the routine use of either stain in individual cases.
CONCLUSION
The diagnosis of malignant mesothelioma indicates that a patient has a malignancy that is currently incurable, and therefore great care needs to be taken in this diagnosis if there is any possibility that the lesion is a benign reaction. As this review has indicated, the distinction is not always easy. In doubtful cases we recommend a conservative approach. Labeling an equivocal proliferation "atypical mesothelial hyperplasia" or a similar term is far better than overdiagnosing a malignancy, because further diagnostic specimens can usually be obtained, and true malignant mesotheliomas make themselves evident, in most cases, in short order. 
